We examine the dependence on mainshock magnitude m of 5 the p and χ parameters appearing in Omori-Utsu formula λ(t, m) = χ × 6 (t+c) −p relating the rate of aftershocks λ at time t after a mainshock. Ob-
Introduction
Almost all larger earthquakes are found to trigger aftershocks with a temporal decaying probability. In particular, the occurrence rate of aftershocks λ can be well described by the modified Omori-Utsu law λ(t, m) = χ(t + c) −p
( 1) where t indicates the elapsed time since the mainshock, see Utsu et al. (1995) for a review.
21
The c-value is a constant typically much less than 1 day, and in most cases is related to (Utsu et al., 1995) . While alternative models for describing the aftershock decaying rate 28 have been proposed (Kisslinger, 1993; Gross and Kisslinger, 1994; Narteau et al., 2002) , 29 the Omori-Utsu law generally provides a very good fit to the data, and is an ubiquitous 30 feature in seismicity dynamics.
31
We here analyze how parameters p and χ change with the magnitude m of the main- error). Namely, we use:
98
(1) a space-time window method, so that an earthquake {t, x, m} is not a mainshock if
99
there exists too big and too close a previous earthquake {t ′ , x ′ , m ′ }, with m ′ ≥ m − ∆m,
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as having equal influences at the same inter-event distances and times). This gives the 
131
Figure 2 displays the aftershock rates for all these methods, along with the best power-132 law fits λ(t, m) = χ × t −p which amounts to the Omori-Utsu law after neglecting the 133 cut-off time c. These fits are computed for 0.1 ≤ t ≤ 100 days (i.e., over 3 decades).
134
No correction for the loss of aftershocks due to detection issues at short time scales is 135 introduced. Given the quality of all the fits, we believe the scaling interval is appropriate
136
for this 'no-correction' choice, given these fitting time intervals. different dataset than ours (southern California earthquakes), and also to the way they 149 selected their time intervals for fitting the decays.
150
The productivity is effectively found to follow a χ ∼ 10 αm scaling, although parameter 151 α ranges between 0.66 (bare and dressed rates using MISD) and 1. 
197
• Static stress triggering dominates the production of aftershocks.
198
• The coseismic slip is fractal, causing the stress drop to be fractal as well.
199
• Spatial fluctuations in stress drop can be modeled with Gaussian statistics.
200
• There exists a finite, time-independent nucleation length ℓ that characterize the size 201 of fault patches self-accelerating to failure (Dieterich, 1992) .
202
• All earthquakes initially nucleate at scale ℓ, their final size being controlled by the dy-
203
namic propagation of the instability outside the nucleation patch rather than by processes 204 occurring within this nucleation zone (Lapusta and Rice, 2003) .
205
Rate-and-state model: According to Dieterich (1994) , in the no-healing approxima- 
with t a = Aσ/τ . For simplicity, we will give hereinafter all stress jumps in units
214
of Aσ and the time in units of t a , unless stated otherwise, leading to the expression
.
216
Fractal coseismic slip and stress-drop heterogeneity:
217
The stress variations induced by an earthquake are expected to be spatially hetero-
218
geneous due to coseismic slip as well as material heterogeneities. Thus, for any given 219 crustal volume, the actual stress experienced by nucleation patches must be described by 220 a probability density function f (τ ), and the earthquake activity of the volume must be
On or close to the main fault, stress heterogeneity is dominated by slip variability. Scale-223 invariant slip models have been proposed by several authors (Andrews, 1980; Frankel, 224 1991; Herrero and Bernard, 1994; Mai and Beroza, 2002) . For a two-dimensional fractal
with H the Hurst exponent related to k the wave number. In their extended analysis of the slip distributions of 44 earthquakes,
228
Mai and Beroza (2002) found that H = 0.71 ± 0.23. Since the stress drop scales as
, e.g. see Schmittbuhl et al. (2006) , the scaling of the standard 230 deviation σ τ of the stress change at the length scale of the nucleation sites, ℓ, is given by simulated, which roughly corresponds to a magnitude 6 earthquake: we generate a fractal
237
(scalar) slip u(x, y) with Hurst exponent H = 0.7, such that the stress drop, defined as
238
(∂ x + ∂ y )u, has a mean value of 3 MPa. We vary the scale of observation, thus changing 239 the scale ratio between the rupture size L and the cut-off scale ℓ. As this scale ratio is 240 increased, the roughness of the stress drop is enhanced, with the emergence of patches 241 undergoing stress loading (i.e., negative stress drops).
242
We calibrate the intensity of the stress fluctuation by considering that the induced stress we define the stress variability σ 7 induced by a m = 7 event as an input parameter,
247
typically ranging between 0.1 and 10 times the mean stress drop: 0.1
where CV is the coefficient of variation of the stress distribution.
249
The dependence of the stress drop heterogeneity on the magnitude is given by Eq. (5) Coppersmith, 1994, assuming the rupture length as the square root of the rupture area).
252
We denote by m 0 the magnitude corresponding to a rupture size of ℓ, i.e., the minimum 253 magnitude for friction-controlled earthquakes. 
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The model has a number of parameters, which have a direct influence on the Omori-Utsu 289 parameters p and χ. We summarize these parameters in Table 2 , along with their values.
290
For an earthquake of magnitude m, the distribution of stress drops on the main fault is 291 thus a Gaussian distribution with mean τ independent of m, and standard deviation as 292 given by Eq.(5). The crucial point here is that this standard deviation increases with 293 the magnitude m, this increase being constrained by parameters C (or equivalently σ 7 or 294 CV ), ℓ (or m 0 ), and H. Changing these three key parameters amounts to changing the 295 dependence of p and χ on m.
296
The standard value of the Hurst exponent H is set to 0.7 because it was the mean 297 value obtained by Mai and Beroza (2002) . Letting H vary within the acceptable range 298 0.5 ≤ H ≤ 0.9 strongly affects the results, as decreasing H causes the stress field to 299 become more heterogeneous. This will be further discussed in subsection 3.4.
300
A first point is to note that the aftershock decay depends very little on ℓ and m 0 , as 301 long as they remain very small compared to the sampled rupture lengths and magnitudes. heterogeneity is large enough even at magnitude 2 to push the p-value close to 1. 
Aftershock productivity as a function of mainshock magnitude
In the case that ruptures produce a stress drop variability which is independent of the 322 earthquake magnitude, our model would predict an aftershock productivity which would (Fig. 3) . 
Influence of afterslip on the p and χ dependence on m
There is growing evidence that large mainshocks are followed by significant amounts For a coseismic stress change τ followed by a afterslip-induced stress of the form
solving equation (2) ing for it affects the aftershock decay λ(t, τ ) (as given by Eq. 7) only when t becomes 376 comparable to t a , and amounts to a convergence of the rate to the background rate r. As clustering seismicity in the Taiwan region by using point process models, J. Geophys.
559
Res., 110 (B5), B05S18. Figure 11 . Seismicity rate normalized by background rate, for a 1 MPa coseismic stress drop followed by a stress increase due to afterslip τ 1 × ln(1 + t/t * ). Here τ 1 = 1 MPa, t * /t a = 10 −7 , Aσ = 0.1 MPa, and the tectonic stress rate isτ = 0.1 MPa per unit t a . Both solutions are identical as long as t < t a . 
D R

